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5. BIOACCUMULATION
5.1 INTRODUCTION

Aquatic organisms can accumulate certain chemicals in their bodies when exposed to
these chemicals through water, their diet, and other sources. This processis called
bioaccumulation. The magnitude of bioaccumulation by aguatic organisms varies widely
depending on the chemical but can be extremely high for some highly persistent and hydrophobic
chemicals. For such highly bioaccumulative chemical's, concentrations in aguatic organisms may
pose unacceptable human health risks from fish and shellfish consumption even when
concentrations in water are too low to cause unacceptable health risks from drinking water
consumption alone. These chemicas may also biomagnify in aquatic food webs, a process
whereby chemical concentrations increase in aguatic organisms of each successive trophic level
due to increasing dietary exposures (e.g., increasing concentrations from algae, to zooplankton, to
forage fish, to predatory fish).

In order to prevent harmful exposures to waterborne chemicals through the consumption
of contaminated fish and shellfish, national 304(a) water quality criteriafor the protection of
human health must address the process of chemical bioaccumulation in aguatic organisms. For
deriving national 304(a) criteria to protect human health, EPA accounts for potential
bioaccumulation of chemicalsin fish and shellfish through the use of national bioaccumulation
factors (BAFs). A national BAF isaratio (in L/kg) that relates the concentration of a chemical in
water to its expected concentration in commonly consumed aquatic organisms in a specified
trophic level. Anillustration of how national BAFs are used in the derivation of 304(a) criteria
for carcinogens using linear low-dose extrapolation is shown in the following equation:

AWQC = RSD » BW

Equation 5-
Dl+i: (FI, » BAF) (Equation 5-1)

i=2

where:
RSD = Risk specific dose (mg/kg-day)
BW = Human body weight (kg)
DI = Drinking water intake (L/day)
Fl; = Fish intake at trophic level |, where 1=2, 3, and 4,
BAF, = National bioaccumulation factor at trophic level I,

where =2, 3, and 4

The purpose of this chapter isto present EPA’s recommended methodology for deriving
national bioaccumulation factors for setting national 304(a) water quality criteriato protect
human hedlth. A detailed scientific basis of the recommended nationa BAF methodology is
provided in the Bioaccumulation TSD. While the methodology detailed in this chapter is
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intended to be used by EPA for deriving national BAFs, EPA encourages States and authorized
Tribes to derive BAFs that are specific to certain regions or waterbodies, where appropriate.
Guidance to States and authorized Tribes for deriving site-specific BAFsis provided in the
Biaccumulation TSD.

5.1.1 Important Bioaccumulation and Bioconcentration Concepts

Severd attributes of the bioaccumulation process are important to understand when
deriving national BAFs for use in setting national 304(a) criteria. First, the term
“bioaccumulation” refers to the uptake and retention of a chemical by an aquatic organism from
al surrounding media (e.g., water, food, sediment). The term “bioconcentration” refers to the
uptake and retention of a chemical by an aguatic organism from water only. For some chemicals
(particularly those that are highly persistent and hydrophobic), the magnitude of bioaccumulation
by aquatic organisms can be substantially greater than the magnitude of bioconcentration. Thus,
an assessment of bioconcentration alone would underestimate the extent of accumulation in
aquatic biota for these chemicals. Accordingly, EPA’s guidelines presented in this chapter
emphasi ze the measurement of chemical bioaccumulation by aguatic organisms, whereas EPA’s
1980 Methodology emphasized the measurement of bioconcentration.

Another noteworthy aspect of bioaccumulation process is the issue of steady-state
conditions. Specificaly, both bioaccumulation and bioconcentration can be viewed smply as the
result of competing rates of chemical uptake and depuration (chemical loss) by an aguatic
organism. The rates of chemical uptake and depuration can be affected by various factors
including the properties of the chemical, the physiology of the organism in question, water quality
and other environmental conditions, ecological characteristics of the waterbody (e.g., food web
structure), and the concentration and loadings history of the chemical. When the rates of
chemical uptake and depuration are equal, tissue concentrations remain constant over time and the
distribution of the chemical between the organism and its source(s) is said to be at steady-state.
For constant chemical exposures and other conditions, the steady-state concentration in the
organism represents the highest accumulation potential of the chemical in that organism under
those conditions. The time required for a chemical to achieve steady state has been shown to vary
according to the properties of the chemical and other factors. For example, some highly
hydrophobic chemicals can require long periods of time to reach steady state between
environmental compartments (e.g., many months), while highly hydrophilic chemicals usually
reach steady-state relatively quickly (e.g., hoursto days).

Since national 304(a) criteriafor the protection of human health are typically designed to
protect humans from harmful lifetime or long-term exposures to waterborne contaminants, the
assessment of bioaccumulation that equals or approximates steady-state accumulation is one of
the principles underlying the derivation of national BAFs. For some chemicals that require
relatively long periods of time to reach steady-state in tissues of aquatic organisms, changesin
water column concentrations may occur on a much more rapid time scale compared to the
corresponding changes in tissue concentrations. Thus, if the system departs substantially from
steady-state conditions and water concentrations are not averaged over a sufficient time period,



the ratio of the tissue concentration to a water concentration may have little resemblance to the
steady-state ratio and have little predictive value of long-term bioaccumulation potential.
Therefore, BAF measurements should be based on water column concentrations which are
averaged over a sufficient period of time (e.g., aduration comparable to the time required for the
chemical to reach steady-state). In addition, BAF measurements should be based on adequate
gpatial averaging of both tissue and water column concentrations for use in deriving 304(a)
criteriafor the protection of human health.

For thisreason, a BAF is defined in this Methodology as representing the ratio (in L/kg-
tissue) of a concentration of a chemical in tissue to its concentration in the surrounding water in
situations where the organism and its food are exposed and the ratio does not change substantially
over time (i.e., the ratio which reflects bioaccumulation at or near steady-state). A
bioconcentration factor (BCF) istheratio (in L/kg-tissue) of the concentration of a substance in
tissue of an aguatic organism to its concentration in the ambient water, in situations where the
organism is exposed through the water only and the ratio does not change substantially over time.

5.1.2 Goal of the National BAF

The goa of EPA’s national BAF is to represent the long-term, average bioaccumulation
potential of achemical in edible tissues of aguatic organisms that are commonly consumed by
humans throughout the United States. National BAFs are not intended to reflect fluctuationsin
bioaccumulation over short time periods (e.g., afew days) because 304(a) human health criteria
are generally designed to protect humans from long-term exposures to waterborne chemicals.
National BAFs are aso intended to account for some major chemical, biological, and ecological
attributes that can affect bioaccumulation in bodies of water across the United States. For
example, separate procedures are provided for deriving national BAFs depending on the type of
chemical (i.e., nonionic organic, ionic organic, inorganic and organometallic). In addition, EPA’s
national BAFs are derived separately for each trophic level to account for potential
biomagnification of some chemicalsin aguatic food webs and broad physiologica differences
between trophic levels that may influence bioaccumulation. Because lipid content of aquatic
organisms and the amount of organic carbon in the water column have been shown to affect
bioaccumulation of nonionic organic chemicals, EPA’s national BAFs are adjusted to reflect the
lipid content of commonly consumed fish and shellfish and the freely dissolved fraction of the
chemical in ambient water for these chemicals.

5.1.3 Changes to the 1980 Methodology

Numerous scientific advances have occurred in the area of bioaccumulation since the
publication of the 1980 Methodology for deriving AWQC for the protection of human health
(USEPA, 1980). These advances have significantly increased our ability to assess and predict
the bioaccumulation of chemicalsin aquatic biota. Asaresult, EPA hasrevised the
bioaccumulation portion of the 1980 Methodology to reflect the current state of the science and
to improve accuracy in assessing bioaccumulation for setting 304(a) criteria for the protection of



human health. The changes contained in the bioaccumulation portion of the 2000 Human Health
Methodology are mostly designed to:

C Improve the ability to incorporate chemical exposure from sediments and aquatic food
webs in assessing bioaccumulation potential,

C Expand the ability to account for site-specific factors which affect bioaccumulation, and
C Incorporate new data and assessment tools into the bioaccumul ation assessment process.

A summary of the key changes that have been incorporated into the bioaccumulation
portion of the 2000 Human Health Methodology and appropriate comparisons to the1l980
Methodology are provided below.

5.1.3.1 Overall Approach

The 1980 Methodology for deriving 304(a) criteriafor the protection of human health
emphasized the assessment of bioconcentration (uptake from water only) through the use of the
BCF. Based on the 1980 Methodol ogy, measured BCFs were usually determined from laboratory
data unless field data demonstrated consistently higher or lower accumulation compared with
laboratory data. In these cases, “field BCFs’ (currently termed field-measured BAFs) were
recommended for use. For lipophilic chemicals where lab or field-measured data were
unavailable, EPA recommended predicting BCFs from the octanol-water partition coefficient and
the following equation from Veith et a. (1979): “log BCF = (0.851og K,,,) - 0.70".

The 2000 Human Health Methodology revisions contained in this chapter emphasize the
measurement of bioaccumulation (uptake from water, sediment, and diet) through the use of the
BAF. Consistent with the 1980 Methodology, measured data are preferred over predictive
approaches for determining the BAF (i.e., field-measured BAFs are generally preferred over
predicted BAFs). However, the 2000 Human Health Methodology contains additional methods
for deriving a national BAF that were not available in 1980. The preference for using the BAF
methods also differs depending on the type and properties of the chemical. For example, the BAF
derivation procedure differs for each of three broadly defined chemical categories: (1) nonionic
organic, (2) ionic organic, and (3) inorganic and organometallic chemicals. Furthermore, within
the category of nonionic organic chemicals, different procedures are used to derive the BAF
depending on a chemicals hydrophobicity and extent of chemical metabolism that would be
expected to occur in aguatic biota.

5.1.3.2 Lipid Normalization

In the 1980 Methodology, BCFs for lipophilic chemicals were normalized by the lipid
fraction in the tissue of fish and shellfish used to determine the BCF. Lipid normalization enabled
BCFsto be averaged across tissues and organisms. Once the average lipid-normalized



BCF was determined, it was adjusted by the consumption-weighted lipid content of commonly
consumed aquatic organismsin the United States to obtain an overall consumption-weighted
BCF. A similar procedure has been retained in the 2000 Human Health Methodology, whereby
BAFs for nonionic organic chemicals are lipid normalized and adjusted by the consumption-
weighted lipid content of commonly consumed organisms to obtain a BAF for criteria
calculations. However, the 2000 Human Health Methodology uses more up-to-date lipid data
and consumption data for deriving the consumption-weighted BAFs.

5.1.3.3 Bioavailability

Bioconcentration factors derived according to the 1980 Methodol ogy were based on the
total concentration of the chemical in water, for both lipophilic and nonlipophilic chemicals. In
the 2000 Human Health Methodology, BAFs for nonionic organic chemicals are derived using the
most bioavailable fraction (i.e., the freely dissolved fraction) to account for the influence of
particulate and dissolved organic carbon on a chemical’s bioavailability. Such BAFs are then
adjusted to reflect the expected bioavailability at the sites of interest (i.e., by adjusting for organic
carbon concentrations at the sites of interest). Procedures for accounting for the effect of organic
carbon on bioaccumulation were published previousy by EPA under the Great Lakes Water
Quality Initiative (GLWQI or GLI) rulemaking (USEPA, 1995a,b). Bioavailability isaso
considered in developing BAFs for the other chemical classes defined in the 2000 Human Health
Methodology (e.g., ionic organics, inorganics/organometallics) but is done so on a chemical-by-
chemical bass.

5.1.3.4 Trophic Level Considerations

In the 1980 Methodology, BCFs were determined and used for criteria derivation without
explicit regard to the trophic level of the aquatic organism (e.g., benthic filter feeder, forage fish,
predatory fish). Over the past two decades, much information has been assembled which
demonstrates that an organism'’ s trophic position in the aquatic food web can have an important
effect on the magnitude of bioaccumulation of certain chemicals. In order to account for the
variation in bioaccumulation that is due to trophic position of the organism, the 2000 Human
Health Methodology recommends that BAFs be determined and applied on atrophic level-specific
basis.

5.1.3.5 Site-Specific Adjustments

The 1980 Methodology contained little guidance for making adjustments to the national
BCFsto reflect site- or region-specific conditions. The 2000 Human Health Methodology has
greatly expanded the guidance to States and authorized Tribes for making adjustments to national
BAFsto reflect local conditions. This guidance is contained in the Bioaccumulation TSD. In the
Bioaccumulation TSD, guidance and data are provided for adjusting national BAFs to reflect the
lipid content in locally consumed aquatic biota and the organic carbon content in the waterbodies
of concern. This guidance aso alows the use of appropriate bioaccumulation models for deriving
site-specific BAFs. EPA aso plans to publish detailed guidance on designing and conducting field
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bioaccumulation studies for measuring BAFs and biota-sediment accumulation factors (BSAFs).
In general, EPA encourages States and authorized Tribes to make site-specific modifications to
EPA’s national BAFs provided such adjustments are scientifically defensible and adequately
protect the designated use of the waterbody.

While the aforementioned revisions are new to EPA’s Methodology for deriving national
304(a) criteriafor the protection of human health, many of these refinements have been
incorporated in prior Agency guidance and regulations. For example, the use of food chain
multipliers to account for the biomagnification of nonionic organic chemicals in aquatic food webs
when measured data are unavailable was introduced by EPA in three documents: Technical
Support Document for Water Quality-Based Toxics Control (USEPA, 1991), a draft document
entitled Assessment and Control of Bioconcentratable Contaminants in Surface Waters (USEPA,
1993), and in the Great Lakes Water Quality Initiative (GLI1) (USEPA, 1995b). Similarly,
procedures for predicting BAFs using BSAFsand incorporating the effect of organic carbon on
bioavailability were used to derive water quality criteria under the GLI.

5.1.4 Organization of This Section

The methodology for deriving national BAFs for use in deriving National 304(a) Human
Health AWQC is provided in the following sections. Important terms used throughout this
chapter are defined in Section 5.2. Section 5.3 provides an overview of the BAF derivation
guidelines. Detailed procedures for deriving national BAFs are provided in Section 5.4 for
nonionic organic chemicals, in Section 5.5 for ionic organic chemicals, and in Section 5.6 for
inorganics and organometallic chemicals. Literature cited is provided in Section 5.7.

5.2 DEFINITIONS

The following terms and definitions are used throughout this chapter.

Bioaccumulation. The net accumulation of a substance by an organism as a result of uptake
from all environmental sources.

Bioconcentration. The net accumulation of a substance by an aquatic organism as a result of
uptake directly from the ambient water, through gill membranes or other external body surfaces.

Bioaccumulation Factor (BAF). Theratio (in L/kg-tissue) of the concentration of a substance in
tissue to its concentration in the ambient water, in situations where both the organism and its food
are exposed and the ratio does not change substantialy over time. The BAF is calculated as.

C
BAF [ C—‘ (Equation 5-2)

w



where:

C,
Cy

= Concentration of the chemical in the specified wet tissue

= Concentration of chemical in water

Bioconcentration Factor (BCF). Theratio (in L/kg-tissue) of the concentration of a substancein
tissue of an aguatic organism to its concentration in the ambient water, in situations where the
organism is exposed through the water only and the ratio does not change substantially over time.
The BCF is calculated as:

C
BCF 0O c_t (Equation 5-3)
where:
C = Concentration of the chemical in the specified wet tissue
C. = Concentration of chemical in water

Baseline BAF (BAF}?*). For nonionic organic chemicals (and certain ionic organic chemicals
where similar lipid and organic carbon partitioning behavior applies), aBAF (in L/kg-lipid) that is
based on the concentration of freely dissolved chemical in the ambient water and the lipid
normalized concentration in tissue.

Baseline BCF (BCF}?). For nonionic organic chemicals (and certain ionic organic chemicals
where similar lipid and organic carbon partitioning behavior applies), a BCF (in L/kg-lipid) that is
based on the concentration of freely dissolved chemical in the ambient water and the lipid
normalized concentration in tissue.

Biomagnification. The increase in tissue concentration of a chemical in organisms at successive
trophic levels through a series of predator-prey associations, primarily through the mechanism of
dietary accumulation.

Biomagnification Factor (BMF). Theratio (unitless) of the tissue concentration of a chemical
in apredator at a particular trophic level to the tissue concentration in its prey at the next lower
trophic level for a given waterbody and chemical exposure. For nonionic organic chemicals (and
certain ionic organic chemicals where similar lipid and organic carbon partitioning behavior
applies), aBMF can be calculated using lipid-normalized concentrations in the tissue of organisms
at two successive trophic levels as:

C n
BMF(TL, n) 0} ¢aL. » (Equation 5-4)
G, (TL, n0l)



where:

Gn = Lipid-normalized concentration in appropriate tissue of predator
organism at a given trophic level (TL “n”)

Lipid-normalized concentration in appropriate tissue of prey organism
at the next lower trophic level from the predator (TL “n-1")

G (TL, n-1)

For inorganic, organometallic, and certain ionic organic chemicals where lipid and organic carbon
partitioning does not apply, a BMF can be calculated using chemical concentrations in the tissue
of organisms at two successive trophic levels as.

C
BMF(TL’ 1) 0 —&9 (Equation 5-5)
t (TL, nO1)
where:
Ciin = Concentration in appropriate tissue of predator organism at trophic

level “n” (may be either wet weight or dry weight concentration so long
as both the predator and prey concentrations are expressed in the same
manner)

Ciny = Concentration in appropriate tissue of prey organism at the next lower
trophic level from the predator (may be either wet weight or dry weight
concentration so long as both the predator and prey concentrations are
expressed in the same manner)

Biota-Sediment Accumulation Factor (BSAF). For nonionic organic chemicals (and certain
ionic organic chemicals where similar lipid and organic carbon partitioning behavior applies), the
ratio of the lipid-normalized concentration of a substance in tissue of an aquatic organism to its
organic carbon-normalized concentration in surface sediment (expressed as kg of sediment
organic carbon per kg of lipid), in situations where the ratio does not change substantially over
time, both the organism and its food are exposed, and the surface sediment is representative of
average surface sediment in the vicinity of the organism. The BSAF is defined as:

C
BSAF [ Cﬂ (Equation 5-6)

socC

where;

G = The lipid-normalized concentration of the chemical in tissues of the
biota (ug/g lipid)



Coc = The organic carbon-normalized concentration of the chemical in the
surface sediment (Jg/g sediment organic carbon)

Depuration. The loss of a substance from an organism as aresult of any active or passive
process.

Food Chain Multiplier (FCM). For nonionic organic chemicals (and certain ionic organic
chemicals where similar lipid and organic carbon partitioning behavior applies), the ratio of a
basdline BAF for an organism of a particular trophic level to the baseline BCF? (usually
determined for organisms in trophic level one). For inorganic, organometallic, and certain ionic
organic chemicals where lipid and organic carbon partitioning does not apply, a FCM is based on
total (wet or dry weight) concentrations of the chemical in tissue.

Freely Dissolved Concentration. For nonionic organic chemicals, the concentration of the
chemical that is dissolved in ambient water, excluding the portion sorbed onto particulate or
dissolved organic carbon. The freely dissolved concentration is considered to represent the most
bioavailable form of an organic chemical in water and, thus, is the form that best predicts
bioaccumulation. The freely dissolved concentration can be determined as.

cl oy - (Equation 5-7)

where:
cld = Fredy dissolved concentration of the organic chemical in ambient water
C. = Total concentration of the organic chemical in ambient water
fiq = Fraction of the total chemical in ambient water that is freely dissolved

Hydrophilic. A term that refersto the extent to which a chemical is attracted to partitioning into
the water phase. Hydrophilic organic chemicals have a greater tendency to partition into polar
phases (e.g., water) compared to chemicals of hydrophobic chemicals.

Hydrophobic. A term that refersto the extent to which a chemical avoids partitioning into the
water phase. Highly hydrophobic organic chemicals have a greater tendency to partition into
nonpolar phases (e.g., lipid, organic carbon) compared with chemicals of lower hydrophobicity.

Lipid-normalized Concentration (Cg). The total concentration of a contaminant in atissue or
whole organism divided by the lipid fraction in that tissue or whole organism. The lipid-
normalized concentration can be calculated as:

C, O (Equation 5-8)

[}

t
£



where:

C = Concentration of the chemical in the wet tissue (either whole
organism or specified tissue)
f, = Fraction lipid content in the organism or specified tissue

Octanol-water Partition Coefficient (K,,). The ratio of the concentration of a substance in the
n-octanol phase to its concentration in the agueous phase in an equilibrated two-phase octanol -
water system. For log K, the log of the octanol-water partition coefficient is a base 10
logarithm.

Organic Carbon-normalized Concentration (C,,.). For sediments, the total concentration of a
contaminant in sediment divided by the fraction of organic carbon in sediment. The organic
carbon-normalized concentration can be calculated as:

CS
C.. 0 — (Equation 5-9)
where:
C, = Concentration of chemical in sediment
fe= Fraction organic carbon in sediment

Uptake. Acquisition by an organism of a substance from the environment as aresult of any active
Or passive process.

5.3 FRAMEWORK FOR DETERMINING NATIONAL BIOACCUMULATION
FACTORS
5.3.1 Four Different Methods
Bioaccumulation factors used to derive national BAFs can be measured or predicted
using some or all of the following four methods, depending on the type of chemical and its
properties. These methods are:
D ameasured BAF obtained from afield study (i.e., afield-measured BAF);

2 aBAF predicted from afield-measured BSAF,

(©)) a BAF predicted from a laboratory-measured BCF (with or without adjustment by an
FCM); and
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(4)

aBAF predicted from a chemica’ s octanol-water partition coefficient (K ), with or
without adjustment using an FCM.

A brief summary of each of the four methods is provided below. Additional details on

the use of these four methods is provided in Section 5.4 (for nonionic organics), Section 5.5 (for
ionic organics) and Section 5.6 (for inorganics and organometallics).

1.

Field-Measured BAF. Use of afield-measured BAF, which is the most direct measure
of bioaccumulation, is the only method that can be used to derive a national BAF for all
types of chemicals (i.e., nonionic organic, ionic organic, and inorganic and organometallic
chemicals). A field-measured BAF is determined from afield study using measured
chemical concentrations in the aquatic organism and its surrounding water. Because field
studies are conducted in natural aquatic ecosystems, a field-measured BAF reflects an
organism’s exposure to a chemical through all relevant exposure pathways (i.e., water,
sediment, and diet). A field-measured BAF aso reflects any metabolism of achemica
that might occur in the aguatic organism or its food web. Therefore, field-measured
BAFs are appropriate for all chemicals, regardless of the extent of chemical metabolismin
biota.

Field-measured BSAF. For nonionic organic chemicals (and certain ionic organic
chemicals where similar lipid and organic carbon partitioning behavior applies), a BAF
can also be predicted from BSAFs. A BSAF issimilar to afield-measured BAF in that the
concentration of a chemical in biotais measured in the field and reflects an organism’'s
exposure to al relevant exposure routes. A BSAF also reflects any chemical metabolism
that might occur in the aquatic organism or its food web. However, unlike afield-
measured BAF which references the biota concentration to the water concentration, a
BSAF references the biota concentration to the sediment concentration. Use of the
BSAF procedure is restricted to organic chemicals which are classified as being
moderately to highly hydrophaobic.

Lab-measured BCF. A l|aboratory-measured BCF can also be used to estimate a BAF
for organic and inorganic chemicals. However, unlike afield-measured BAF or aBAF
predicted from afield-measured BSAF, alaboratory-measured BCF only reflects the
accumulation of chemical through the water exposure route. Laboratory-measured BCFs
may therefore under estimate BAFs for chemicals where accumulation from sediment or
dietary sourcesisimportant. In these cases, |aboratory-measured BCFs can be multiplied
by a FCM to reflect accumulation from non-aqueous (i.e., food chain) pathways of
exposure. Since alaboratory-measured BCF is determined using the measured
concentration of achemical in an aguatic organism and its surrounding water, a
|aboratory-measured BCF reflects any metabolism of the chemical that occursin the
organism, but not in the food web.

K,,. A chemical’s octanol-water partition coefficient, or K, can also be used to predict
aBAF for nonionic organic chemicals. This procedure is appropriate only for nonionic
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organic chemicals (and certain ionic organic chemicals where similar lipid and organic
carbon partitioning behavior applies). The K, has been extensively correlated with the
BCF for nonionic organic chemicals that are poorly metabolized by aquatic organisms.
Therefore, where substantial metabolism is known to occur in biota, the K, is not used
to predict the BAF. For nonionic organic chemicals where chemica exposure through
the food web is important, use of the K, aone will under predict the BAF. In such
cases, the K, is adjusted with a FCM similar to the BCF procedure above.

5.3.2 Overview of BAF Derivation Framework

Although up to four methods can be used to derive a BAF as described in the previous
section, it is evident that these methods do not apply equally to all types of chemicals. In
addition, experience demonstrates that the required data will usually not be available to derive a
BAF value using al of the applicable methods. Asaresult, EPA has developed the following
guidelines to direct users in selecting the most appropriate method(s) for deriving a national BAF.

Figure 5-1 shows the overall framework of EPA’s national BAF methodology. This
framework illustrates the major steps and decisions that will ultimately lead to calculating a
national BAF using one of six hierarchical procedures shown at the bottom of Figure 5-1. Each
procedure contains a hierarchy of the BAF derivation methods discussed above, the composition
of which depends on the chemical type and certain chemical properties (e.g., its degree of
hydrophobicity and expected degree of metabolism and biomagnification). The number assigned
to each BAF method within a procedure indicates its general order of preference for deriving a
national BAF value. The goal of the framework and accompanying guidelinesis to enable full use
of available data and methods for deriving a national BAF value while appropriately restricting the
use of certain methods to reflect their inherent limitations.

Thefirst step in the framework is to define the chemical of concern. As described in
Section 5.3.3, the chemical used to derive the national BAF should be consistent with the
chemical used to derive the critical health assessment value. The second step isto collect and
review all relevant data on bioconcentration and bioaccumulation of the chemical of concern (see
Section 5.3.4). Once pertinent data are reviewed, the third step isto classify the chemical of
concern into one of three broadly defined chemical categories: (1) nonionic organic chemicals, (2)
ionic organic chemicals, and (3) and inorganic and organometallic chemicals. Guidance for
classifying chemicals into these three categoriesis provided in Section 5.3.5.

After achemical has been classified into one of the three categories, other information is
used to select one of six hierarchical procedures to derive the national BAF. The specific
procedures for deriving a BAF for each chemical group are discussed in Section 5.4 for nonionic
organics, Section 5.5 for ionic organics, and Section 5.6 for inorganics and organometallics.
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Figure 5-1. Framework for Deriving a National BAF
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Detailed guidance concerning the first three steps of the derivation process (i.e, defining the
chemical of concern, collecting and reviewing data, and classifying the chemical of concern) is
provided in the following three sections.

5.3.3 Defining the Chemical of Concern

Defining the chemical of concernisthefirst step in deriving anationa BAF. This step
involves precisely defining the form(s) of the chemical upon which the national BAF value will be
derived. Although this step is usually straightforward for single chemicals, complications can
arise when the chemical of concern occurs as amixture. The following guidelines should be
followed for defining the chemical of concern.

1. Information for defining the chemical of concern should be obtained from the health and
exposure assessment portions of the criteria derivation effort. The chemical(s) used to
derive the national BAF should be consistent with the chemical(s) used to derive the
reference dose (RfD), point of departure/uncertainty factor (POD/UF), or cancer potency
factor.

2. In most cases, the RfD, POD/UF, or cancer potency factor will be based on asingle
chemical. In some cases, the RfD, POD/UF, or cancer potency factor will be based on a
mixture of compounds, typically within the same chemical class (e.g., toxaphene,
chlordane). In these situations, the national BAF should be derived in a manner that is
consistent with the mixture used to express the health assessment.

a. If sufficient data are available to reliably assess the bioaccumulation of each relevant
compound contained in the mixture, then the national BAF(s) should be derived using
the BAFsfor the individual compounds of the mixture and appropriately weighted to
reflect the mixture composition used to establish the RfD, POD/UF, or cancer potency
factor. An example of this approach is shown in the derivation of BAFsfor PCBsin
the GLI Rulemaking (USEPA, 1997).

b. If sufficient data are not available to reliably assess the bioaccumulation of individual
compounds of the mixture, then the national BAF(s) should be derived using BAFs for
the same or appropriately similar chemical mixture as that used to establish the RfD,
POD/UF, or cancer potency value.

5.3.4 Collecting and Reviewing Data
The second step in deriving a national BAF isto collect and review all relevant
bioaccumulation data for the chemical of concern. The following guidance should be followed for

collecting and reviewing bioaccumulation data for deriving national BAFs.

1. All data on the occurrence and accumulation of the chemical of concern in aquatic
animals and plants should be collected and reviewed for adequacy.
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2. A comprehensive literature search strategy should be used for gathering biocaccumul ation-
related data. An example of a comprehensive literature search strategy is provided in the
Bioaccumulation TSD.

3. All data that are used should contain sufficient supporting information to indicate that
acceptable measurement procedures were used and that the results are probably reliable.
In some cases it may be appropriate to obtain additional written information from the
investigator.

4, Questionable data, whether published or unpublished, should not be used. Guidance for
assessing the acceptability of bioaccumulation and bioconcentration studiesis found in
Sections 5.4, 5.5, and 5.6.

5.3.5 Classifying the Chemical of Concern

The next step in deriving a national BAF consists of classifying the chemical of concern
into one of three categories. nonionic organic, ionic organic, and inorganic and organometallic
(Figure 5-1). This step helps to determine which of the four methods described in Section 5.3.1
are appropriate for deriving BAFs. The following guidance applies for classifying the chemical of
concern.

1. Nonionic Organic Chemicals. For the purposes of the 2000 Human Health
M ethodol ogy, nonionic organic chemicals are those organic compounds that do not
ionize substantially in natural bodies of water. These chemicals are also referred to as
neutral or nonpolar organicsin the scientific literature. Due to their neutrality, nonionic
organic chemicals tend to associate with other neutral (or near neutral) compartments in
aguatic ecosystems (e.g., lipid, organic carbon). Examples of nonionic organic chemicals
which have been widely studied in terms of their bioaccumulation include polychlorinated
biphenyls (PCBs), polychlorinated dibenzo-p-dioxins and furans, many chlorinated
pesticides, and polynuclear aromatic hydrocarbons (PAHS). Procedures for deriving a
national BAF for nonionic organic chemicals are provided in Section 5.4.

2. Ionic Organic Chemicals. For the purposes of the 2000 Human Health Methodol ogy,
ionic organic chemicals are considered to include those chemicals that contain functional
groups with exchangeable protons such as hydroxyl, carboxylic, and sulfonic groups and
functional groups that readily accept protons such as amino and aromatic heterocyclic
nitrogen (pyridine) groups. lonic organic chemicals undergo ionization in water, the
extent of which depends on pH and the pKa of the chemical. Because the ionized species
of these chemicals behave differently from the neutral species, separate guidance is
provided for deriving BAFs for ionic organic chemicals. Procedures for deriving national
BAFsfor ionic organic chemicals are provided in Section 5.5.

3. Inorganic and Organometallic Chemicals. The inorganic and organometallic category
is considered to include inorganic minerals, other inorganic compounds and € ements,
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metals (e.g., copper, cadmium, chromium, zinc), metalloids (selenium, arsenic) and
organometallic compounds (e.g., methylmercury, tributyltin, tetraalkyllead). Procedures
for deriving BAFs for inorganic and organometallic chemicals are provided in Section
5.6.

5.4 NATIONAL BIOACCUMULATION FACTORS FOR NONIONIC ORGANIC
CHEMICALS

5.4.1 Overview

This section contains the methodology for deriving national BAFs for nonionic organic
chemicals as defined in Section 5.3.5. The four general steps of this methodology are:

1. Selecting the BAF derivation procedure,

2. Calculating individua basdine BAFs,

3. Sdecting the fina basdine BAFs, and

4. Calculating the national BAFs from the final baseline BAFs.

A schematic of this four-step processis shown in Figure 5-2.

Step 1 of the methodology (selecting the BAF derivation procedure) determines which of
the four BAF procedures summarized in Figure 5-1 will be appropriate for deriving the national
BAF. Step 2 involves calculating individual, species-specific BAF’s using al of the methods
available within the selected BAF derivation procedure. Calculating the individua basdline
BAF’s involves using data from the field site or laboratory where the original data were collected
to account for site-specific factors which affect the bioavailability of the chemica to aguatic
organisms (e.g., lipid content of study organisms and freely dissolved concentration in study
water). Step 3 of the methodology consists of selecting the final baseline BAFs from the
individual basdline BAFs by taking into account the uncertainty in the individual BAFs and the
data preference hierarchy selected in Step 1. Thefinal step isto calculate a BAF (or BAFs) that
will be used in the derivation of 304(a) criteria (i.e., referred to as the national BAF). This step
involves adjusting the final basdline BAFYY(s) to reflect certain factors that affect bioavailablity of
the chemical to aquatic organisms in waters to which the national 304(a) criteriawill apply (e.g.,
the freely dissolved fraction expected in U.S. waters and the lipid content of consumed aquatic
organisms). Basdline BAFs are not used directly in the derivation of the 304(a) criteria because
they do not reflect the conditions that affect bioavailability in U.S. waters.

Section 5.4.2 below provides detailed guidance for selecting the appropriate BAF
derivation procedure (Step 1 of the process). Guidance on calculating individual baseline BAFs,
selecting the final baseline BAF, and calculating the national BAF (Steps 2 through 4 of the
process) is provided in separate sections under each of the four BAF derivation procedures.
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Figure 5-2. BAF Derivation for Nonionic Organic Chemicals
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5.4.2 Selecting the BAF Derivation Procedure

This section describes the decisions that should be made to select one of the four
available hierarchical procedures for deriving a national BAF for nonionic organic chemicals
(Procedures #1 through #4 of Figure 5-1). Asshown in Figure 5-1, two decision points exist in
selecting the BAF derivation procedure. The first decision point requires knowledge of the
chemical’ s hydrophobicity (i.e., the K, of the chemical). Guidance for selecting the K, for a
chemical is provided in the Bioaccumulation TSD. The K, provides an initial basis for assessing
whether biomagnification may be a concern for nonionic organic chemicals. The second decision
point is based on the rate of metabolism for the chemical in the target organism. Guidance for
assessing whether ahigh or low rate of metabolismis likely for a chemical of concern is provided
below in Section 5.4.2.3. With the appropriate information for these two decision points, the
BAF derivation procedure should be selected using the following guidelines.

5.4.2.1 Chemicals with Moderate to Higch Hydrophobicity

1. For the purposes of the 2000 Human Health Methodol ogy, nonionic organic chemicals
with log K, values equal to or greater than 4.0 should be classified as moderately to
highly hydrophobic. For moderately to highly hydrophobic nonionic organic chemicals,
available data indicate that exposure through the diet and other non-aqueous routes can
become important in determining chemical residues in aguatic organisms (e.g., Russell et
a., 1999; Fisk et d., 1998; Oliver and Niimi, 1983; Oliver and Niimi, 1988; Niimi, 1985;
Swackhammer and Hites, 1988). Dietary and other non-agueous exposure can become
extremely important for those nonionic organic chemicals that are poorly metabolized by
aguatic biota (e.g., certain PCB congeners, chlorinated pesticides, and polychlorinated
dibenzo-p-dioxins and furans).

2. Procedure #1 should be used to derive national BAFs for moderately to highly
hydrophobic nonionic organic chemicals in cases where:

@ the rate of chemical metabolism by target aquatic organisms is expected to
be sufficiently low such that biomagnification is of concern, or

(b) the rate of chemical metabolism by target aguatic organisms is not
sufficiently known.

Procedure #1 accounts for non-aqueous exposure and the potential for biomagnification
in aguatic food webs through the use of field-measured values for bioaccumulation (i.e.,
field measured BAF or BSAF) and FCMs when appropriate field data are unavailable.
Guidance on deriving national BAFs using Procedure #1 is found below in Section 5.4.3.

3. Procedure #2 should be used to derive the national BAFs for moderately to highly
hydrophobic nonionic organic chemicals in cases where:
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5.4.2.2

@ the rate of chemical metabolism by target aquatic organisms is expected to
be sufficiently high such that biomagnification is not of concern.

Procedure #2 relaxes the requirement of using FCMs and eliminates the use of K_,,-based
estimates of the BAF, two procedures that are most appropriate for poorly metabolized
nonionic organic chemicals. Guidance on deriving national BAFs using Procedure #2 is
found below in Section 5.4.4.

Chemicals with Low Hvdrophobicity

For the purposes of these guidelines, nonionic organic chemicals with log K, values less
than 4.0 should be classified as exhibiting low hydrophobicity. For nonionic organic
chemicals that exhibit low hydrophobicity (i.e., log K, < 4.0), available information
indicates that non-agueous exposure to these chemicalsis not likely to be important in
determining chemical residues in aguatic organisms (e.g., Fisk et ., 1998; Gobas et 4.,
1993; Connolly and Pedersen, 1988; Thomann, 1989). For this group of chemicals,
laboratory-measured BCFs and K_,-predicted BCFs do not require adjustment with

FCMs for determining the national BAF (Procedures #3 and #4), unless other appropriate
data indicate differently.

Other appropriate data include studies clearly indicating that non-aqueous exposure is
important such that use of a BCF would substantially underestimate residues in aquatic
organisms. In these cases, Procedure #1 should be used to derive the BAF for nonionic
organic chemicalswith log K, < 4.0. Furthermore, the data supporting the K,
determination should be carefully reviewed for accuracy and appropriate interpretation,
since the apparent discrepancy may be due to errors in determining K.

Procedure #3 should be used to derive national BAFs for nonionic organic chemicals of
low hydrophobicity in cases where:

@ the rate of chemical metabolism by target aquatic organisms is expected to be
negligible, such that tissue residues of the chemical of concern are not
substantially reduced compared to an assumption of no metabolism, or

(b) the rate of chemical metabolism by target aquatic organisms is not sufficiently
known.

Procedure #3 includes the use of K, -based estimates of the BCF to be used when lab or
field data are absent. Guidance on deriving national BAFs using Procedure #3 is found
below in Section 5.4.5.

Procedure #4 should be used to derive national BAFs for nonionic organic chemicals of
low hydrophobicity in cases where:
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@ the rate of chemical metabolism by target aquatic organisms is expected to
be sufficiently high, such that tissue residues of the chemical of concern are
substantially reduced compared with an assumption of no metabolism.

Procedure #4 eliminates the option of using K,,-based estimates of the BAF because the
K, may over-predict accumulation when a chemical is metabolized substantially by an
aguatic organism. Guidance on deriving national BAFs using Procedure #4 is found
below in Section 5.4.6.

5.4.2.3 Assessing Metabolism

Currently, assessing the degree to which a chemical is metabolized by aguatic organisms
is confounded by a variety of factors. First, conclusive data on chemica metabolism in aguatic
biota are largely lacking. Such data include whole organism studies where the metabolic rates and
breakdown products are quantified in fish and other aquatic organisms relevant to human
consumption. However, the maority of information on metabolism is derived from in vitro liver
microsomal preparations in which primary and secondary metabolites may be identified and their
rates of formation may or may not be quantified. Extrapolating results from in vitro studies to the
whole organism involves considerable uncertainty. Second, there are no generally accepted
procedures for reliably predicting chemical metabolism by aguatic organisms in the absence of
measured data. Third, the rate at which a chemical is metabolized by aquatic organisms can be
species and temperature dependent. For example, PAHs are known to be metabolized readily by
vertebrate aguatic species (primarily fish), although at rates much less than those observed for
mammals. However, the degree of metabolism in invertebrate species is generally much less than
the degree in vertebrate species (James, 1989). One hypothesis for this difference is that the
invertebrate species lack the detoxifying enzymes and pathways that are present in many
vertebrate species.

Given the current limitations on assessing the degree of chemical metabolism by aquatic
organisms, the assessment of metabolism should be made on a case-by-case basis using a weight-
of-evidence approach. When assessing a chemica'’s likelihood to undergo substantial metabolism
in atarget aquatic organism, the following data should be carefully evaluated:

(D) in vivo chemical metabolism data,

2 bioconcentration and bioaccumulation data,

(©)) data on chemical occurrence in target aguatic biota, and
4 in vitro chemical metabolism data.

1. In vivo Data. In vivo data on metabolism in aguatic organisms are from studies of
chemical metabolism using whole organisms. These studies are usually conducted using
large fish from which blood, bile, urine, and individual tissues can be collected for the
identification and quantification of metabolites formed over time. In vivo studies are
considered the most useful for evaluating a chemical’s degree of metabolism in an
organism because both oxidative (Phase 1) and conjugative (Phase I1) metabolism can be
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assessed in these studies. Mass-balance studies, in which parent compound elimination is
guantified separately from biotransformation and elimination of metabolites, allow
calculation of conversion rate of parent to metabolite as well as metabolite elimination.
Thisinformation might be used to estimate loss due to metabolism separately from that
due to elimination of the parent compound for adjustment of K, -predicted BAFs.
However, due to the analytical and experimenta challenges these studies pose, data of
this type are limited. Less rigorous in vivo metabolism studies might include the use of
metabolic blockers to demonstrate the influence of metabolism on parent compound
kinetics. However, caution should be used in interpretation of absolute rates from these
data due to the lack of specificity of mammalian derived blockers in aquatic species
(Mirandaet a., 1998).

Bioconcentration or Bioaccumulation Data. Data on chemical bioconcentration or
bioaccumulation in aquatic organisms can be used indirectly for assessing metabolism.
This assessment involves comparing acceptable lab-measured BCFs or field-measured
BAFs (after converting to baseline values using procedures below) with the chemica’s
predicted value based on K. The theoretical basis of bioconcentration and
bioaccumulation for nonionic organic chemicals indicates that a chemica’s baseline BCF
should be similar to its K ,,-predicted value if metabolism is not occurring or is minimal
(see the Bioaccumulation TSD). This theory aso indicates that baseline BAFs should be
similar to or higher than the K, for poorly metabolized organic chemicals, with highly
hydrophobic chemicals often exhibiting higher baseline BAFs than K, values. Thus, if a
chemical’ s baseline BCF or BAF is substantially lower than itsK_,,, this may be an
indication that the chemical is being metabolized by the aquatic organism of concern.
Note, however, that this difference may also indicate problems in the experimental design
or analytical chemistry, and that it may be difficult to discern the difference.

Chemical Occurrence Data. Although by no means definitive, data on the occurrence
of chemicalsin aquatic biota (i.e., residue studies) may offer another useful line of
evidence for evaluating a chemical’ s likelihood to undergo substantial metabolism. Such
studies are most useful if they have been conducted repeatedly over time and over wide
geographical areas. Such studies might indicate a chemical is poorly metabolized if data
show that the chemical is being biomagnified in the aquatic food web (i.e., higher lipid-
normalized residues in successive trophic levels). Conversaly, such studies might indicate
achemicd is being metabolized substantialy if residue data show a decline in residues
with increasing trophic level. Again, other reasons for increases or decreasesin
concentrations with increasing trophic level might exist and should be carefully evauated
(e.g., incorrect food web assumptions, differences in exposure concentrations).

In vitro Data. In vitro metabolism data include data from studies where specific sub-
cellular fractions (e.g., microsomal, cytosolic), cells, or tissues from an organism are
tested outside the body (i.e., in test-tubes, cell- or tissue-culture). Compared with in vivo
studies of chemical metabolism in aquatic organisms, in vitro studies are much more
plentiful in the literature, with the majority of studies characterizing oxidative (Phase )
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reactions de-coupled from conjugative (Phase 11) metabolism. Cell, tissue, or organ level
in vitro studies are less common but provide a more complete assessment of metabolism.
While such studies are particularly useful for identifying the pathways, rates of formation,
and metabolites formed, as well as the enzymesinvolved and differencesin the
temperature dependence of metabolism across aquatic species, they suffer from
uncertainty when results are extrapolated to the whole organism. This uncertainty results
from the fact that dosimetry (i.e., delivery of the toxicant to, and removal of metabolite
from, the target tissue) cannot currently be adequately reproduced in the laboratory or
easily modeled.

When assessing chemical metabolism using the above information, the following
guidelines apply.

a A finding of substantial metabolism should be supported by two or more lines of evidence
identified using the data described above.

b. At least one of the lines of evidence should be supported by either in vivo metabolism
data or acceptable bioconcentration or biocaccumulation data.

C. A finding of substantial metabolism in one organism should not be extrapolated to
another organism or another group of organisms unless data indicate smilar metabolic
pathways exist (or are very likely to exist) in both organisms. In vitro data may be
particularly useful in cross-species extrapolations.

d. Finaly, in situations where sufficient data are not available to properly assess the
likelihood of significant metabolism in aquatic biota of concern, the chemical should be
assumed to undergo little or no metabolism. This assumptions reflects a policy decision
by EPA to err on the side of public health protection when sufficient information on
metabolism is lacking.

5.4.3 Deriving National BAFs Using Procedure #1

This section contains guidance for calculating national BAFs for nonionic organic
chemicals using Procedure #1 shown in Figure 5-1. The types of nonionic organic chemicals for
which Procedure #1 is most appropriate are those that are classified as moderately to highly
hydrophobic and subject to low (or unknown) rates of metabolism by aquatic biota (see Section
5.4.2 above). Non-agueous contaminant exposure and subsequent biomagnification in aguatic
food webs are of concern for chemicals that are classified in this category. Some examples of
nonionic organic chemicals for which Procedure #1 is considered appropriate include:

tetra-, penta- & hexachlorobenzenes;
PCBs;

octachlorostyrene;

hexachl orobutadiene;

OOOO
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endrin, dieldrin, adrin;

mirex, photomirex;

DDT, DDE, DDD; and
heptachlor, chlordane, nonachlor.

OOOO

Under Procedure #1, the following four methods may be used in deriving a national BAF:

using a BAF from an acceptable field study (i.e., afield-measured BAF);
predicting a BAF from an acceptable field-measured BSAF;

predicting a BAF from an acceptable laboratory-measured BCF and FCM; and
predicting a BAF from an acceptable K, and FCM.

OOOO

As shown in Figure 5-2, once the derivation procedure has been selected, the next steps
in deriving a national BAF for a given trophic level include: calculating individual baseline BAFs
(step 2), selecting the final basdline BAF® (step 3), and calculating the national BAF from the final
basdline BAF (step 4). Each of these three steps is discussed separately below.

5.4.3.1 Calculating Individual Baseline BAF%‘s

Calculating an individual baseline BAF® involves normalizing the field-measured BAF:
(or laboratory-measured BCF;) which are based on total concentrations in tissue and water by the
lipid content of the study organisms and the freely dissolved concentration in the study water.
Both the lipid content in the organism and the freely dissolved concentration (as influenced by
organic carbon in water) have been shown to be important factors that influence the
bioaccumulation of nonionic organic chemicals (e.g., Mackay, 1982; Connolly and Pederson,
1988; Thomann, 1989, Suffet et al., 1994). Therefore, basaline BAF’s (which are expressed on a
freely dissolved and lipid-normalized basis) are considered more amenable to extrapolating
between different species and bodies of water compared to BAFs expressed using the total
concentration in the tissue and water. Because bioaccumulation can be strongly influenced by the
trophic position of agquatic organisms (either due to biomagnification or physiological differences),
extrapolation of basdline BAF,’s should not be performed between species of different trophic
levels.

1. For each species for which acceptable data are available, calculate all possible baseline
BAF!%s using each of the four methods shown above for Procedure #1.

2. Individual basdline BAF"s should be calculated from field-measured BAF!s, field-
measured BSAFs, laboratory BCF;s, and the K, according to the following procedures.

A. Baseline BAF}'s from Field-Measured BAFs
A basdine BAF should be cal culated from each field-measured BAF: using information

on the lipid fraction in the tissue of concern for the study organism and the fraction of the total
chemical that is freely dissolved in the study water.
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where;

Baseline BAF}! Equation. For each acceptable field-measured BAF;, calculate a
basdline BAF® using the following equation:

Baseline BAF ,fd g

Measured BAF, . ] (

(Equation 5-10)
. |

1
f,

Basdine BAF® = BAF expressed on afreely dissolved and lipid-normalized
basis

Measured BAF; = BAF based on total concentration in tissue and water

fy = Fraction of the tissue that is lipid

frq = Fraction of the total chemical that is freely dissolved in the

ambient water

The technical basis of Equation 5-10 is provided in the Bioaccumulation TSD. Guidance for
determining each component of Equation 5-10 is provided below.

2.

Determining the Measured BAF,. The field-measured BAF; shown in Equation 5-10
should be calculated based on the total concentration of the chemical in the appropriate
tissue of the aquatic organism and the total concentration of the chemical in ambient
water at the site of sampling. The equation to derive a measured BAF; is:

C
Measured BAF [0 C=t (Equation 5-11)

w

where:
C = Total concentration of the chemical in the specified wet tissue
C. = Total concentration of chemical in water

The data used to calculate a field-measured BAF; should be reviewed thoroughly to
assess the quality of the data and the overall uncertainty in the BAF value. The following
generd criteria apply in determining the acceptability of field-measured BAFs that are
being considered for deriving national BAFs using Procedure #1.

a  Aquatic organisms used to calculate a field-measured BAF; should be
representative of aquatic organisms that are commonly consumed in the United
States. An aguatic organism that is not commonly consumed in the United States
can be used to calculate an acceptable field-measured BAF; provided that the
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organism is considered to be a reasonable surrogate for acommonly consumed
organism. Information on the ecology, physiology, and biology of the organism
should be reviewed when assessing whether an organism is a reasonabl e surrogate
of acommonly consumed organism.

The trophic level of the study organism should be determined by taking into
account its life stage, diet, size, and the food web structure at the study location.
Information from the study site (or similar sites) is preferred when evauating
trophic status. If such information is lacking, general information for assessing
trophic status of aguatic organisms can be found in USEPA (2000a,b,c).

The percent lipid of the tissue used to determine the field-measured BAF; should be
either measured or reliably estimated to permit lipid-normalization of the chemical’s
tissue concentration.

The study from which the field-measured BAF; is derived should contain sufficient
supporting information from which to determine that tissue and water samples were
collected and analyzed using appropriate, sensitive, accurate, and precise analytica
methods.

The site of the field study should not be so unique that the BAF cannot be
reasonably extrapolated to other locations where the BAF and resulting criteriawill

apply.

The water concentration(s) used to derive the BAF should reflect the average
exposure of the aguatic organism that corresponds to the concentration measured in
its tissue of concern. For nonionic organic chemicals, greater temporal and spatial
averaging of chemical concentrationsis required asthe K, increases. In addition,
as variability in water concentrations increase, greater temporal and spatial
averaging is aso generaly required. Greater spatial averaging is also generally
required for more mobile organisms.

The concentrations of particulate organic carbon and dissolved organic carbon in
the study water should be measured or reliably estimated.

EPA is currently developing guidance for designing and conducting field studies for
determining field-measured BAF;s, including recommendations for minimum data
requirements. A more detailed discussion of factors that should be considered when
determining field-measured BAF;s s provided in the Bioaccumulation TSD.

Determining the Fraction Freely Dissolved (f;;). Asillustrated by Equation 5-10, the
fraction of the nonionic organic chemical that is freely dissolved in the study water is
required for calculating a baseline BAF® from a field-measured BAF!. The freely
dissolved fraction is the portion of the nonionic organic chemical that is not bound to
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particulate organic carbon or dissolved organic carbon. Together, the concentration of a
nonionic organic chemical that is freely dissolved, bound to dissolved organic carbon, and
bound to particulate organic carbon congtitute its total concentration in water. As
discussed further in the Bioaccumulation TSD, the freely dissolved fraction of achemical
is considered to be the best expression of the bioavailable form of nonionic organic
chemicals to aguatic organisms (e.g., Suffet et a., 1994; USEPA, 1995b). Because the
fraction of a nonionic organic chemical that is freely dissolved may vary among different
bodies of water as aresult of differencesin dissolved and particulate organic carbon in
the water, the bioavailability of the total chemical concentration in water is expected to
vary from one body of water to another. Therefore, BAFs which are based on the freely
dissolved concentration in water (rather than the total concentration in water) are
considered to be more reliable for extrapolating and aggregating BAFs among different
bodies of water. Currently, availability of BAFs based on measured freely dissolved
concentrationsis very limited, partly because of difficulties in analytically measuring the
freely dissolved concentration. Thus, if a BAF based on the total water concentration is
reported in a given study, the fraction of the chemical that is freely dissolved should be
predicted using information on the organic carbon content in the study water.

a  Equation for Determining the Freely Dissolved Fraction. If reliable measured
data are unavailable to directly determine the freely dissolved fraction of the
chemical in water, the freely dissolved fraction should be estimated using the
following equation.

£ 1
[l O (POC - K_) O (DOC - 0.08 - K_)]

(Equation 5-12)

where:
POC = concentration of particulate organic carbon (kg/L)
DOC = concentration of dissolved organic carbon (kg/L)
Kw = n-octanol water partition coefficient for the chemical

In Equation 5-12, K, is being used to estimate the partition coefficient to POC
(i.e., Kpocin L/kg) and 0.08{K,, is being used to estimate the partition coefficient to
DOC (i.e., the Koc in L/kg). A discussion of the technical basis, assumptions, and
uncertainty associated with the derivation and application of Equation 5-12 is
provided in the Bioaccumulation TSD.

b. POC and DOC Values. When converting from the total concentration of a
chemical to afreely dissolved concentration using Equation 5-12 above, the POC
and DOC concentrations should be obtained from the origina study from which the
field-measured BAF is determined. If POC and DOC concentrations are not
reported in the BAF study, reliable estimates of POC and DOC might be obtained
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from other studies of the same site used in the BAF study or closely related site(s)
within the same water body. When using POC/DOC data from other studies of the
same water body, care should be taken to ensure that environmental and
hydrological conditions that might affect POC or DOC concentrations (i.e., runoff
events, proximity to ground water or surface water inputs, sampling season) are
reasonably similar to those in the BAF study. Additional information related to
selecting POC and DOC values is provided in the Bioaccumulation TSD.

In some cases, BAFs are reported using the concentration of the chemical in filtered
or centrifuged water. When converting these BAFsto afreely dissolved basis, the
concentration of POC should be set equal to zero when using Equation 5-12.
Particulates are removed from water samples by filtering or centrifuging the sample.

c. Selecting K,,, Values. A variety of techniques are available to measure or predict
K., vaues. The reliability of these techniques depends to alarge extent on the K,
of the chemical. Because K, is an important input parameter for calculating the
freely dissolved concentration of nonionic organic chemicals and for deriving BAFs
using the other three methods of Procedure #1, care should be taken in selecting the
most reliable K, value. The vaue of K, for use in estimating the freely dissolved
fraction and other procedures used to derive national BAFs should be selected
based on the guidance presented in the Bioaccumulation TSD.

Determining the Fraction Lipid (f). Calculating abasdine BAF for anonionic
organic chemical using Equation 5-10 also requires that the total chemical concentration
measured in the tissue used to determine the field-measured BAF; be normalized by the
lipid fraction (f;) in that same tissue. Lipid normalization of tissue concentrations reflects
the assumption that BAFs (and BCFs) for nonionic organic chemicals are directly
proportional to the percent lipid in the tissue upon which they are based. This
assumption means that an organism with atwo percent lipid content would be expected
to accumulate twice the amount of achemical at steady state compared with an organism
with one percent lipid content, all else being equal. The assumption that aquatic
organisms accumulate nonionic organic chemicals in proportion to their lipid content has
been extensively evaluated in the literature (Mackay, 1982; Connell, 1988; Barron, 1990)
and is generally accepted. Because the lipid content in aguatic organisms can vary both
within and across species, BAFs that are expressed using the lipid-normalized
concentration (rather than the total concentration in tissue) are considered to be the most
reliable for aggregating multiple BAF vaues for a given species. Additional discussion of
technical basis, assumptions, and uncertainties involved in lipid normalization is provided
in the Bioaccumulation TSD.

a  Thelipid fraction f;, is routinely reported in bioaccumulation studies involving
nonionic organic chemicals. If thelipid fraction is not reported in the BAF study,
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it can be calculated using the following equation if the appropriate data are
reported:

Mﬂ .
f, O ﬁ (Equation 5-13)
where:
M, = Mass of lipid in specified tissue
M, = Mass of specified tissue (wet weight)

Because lipid content can vary within an aguatic organism (and among tissues
within that organism) due to several factors including the age and sex of the
organism, changes in dietary composition, season of sampling and reproductive
status, the lipid fraction used to calcul ate a baseline BAFY® should be measured in
the same tissue and organisms used to determine the field-measured BAF;, unless
comparability is demonstrated across organisms.

Experience has shown that different solvent systems used to extract lipids for
analytica measurement can result in different quantities of lipids being extracted
and measured in aguatic organisms (e.g., Randall et al.,1991, 1998). Asaresult,
lipid measurements determined using different solvent systems might lead to
apparent differences in lipid-normalized concentrations and lipid-normalized BAFs.
The extent to which different solvent systems might affect lipid extractions (and
lipid-normalized concentrations) is thought to vary depending on the solvent,
chemical of concern, and lipid composition of the tissue being extracted. Guidance
on measurement of lipid content, including the choice of solvent system and how
different solvent systems may affect lipid content, is provided in the
Bioaccumulation TSD.

B. Baseline BAF} Derived from BSAFs

The second method of determining a baseline BAF® for the chemical of concernin
Procedure #1 involves the use of BSAFs. Although BSAFs may be used for measuring and
predicting bioaccumulation directly from concentrations of chemicals in surface sediment, they
may aso be used to estimate BAFs (USEPA, 1995b; Cook and Burkhard, 1998). Since BSAFs
are based on field data and incorporate effects of chemical bioavailability, food web structure,
metabolism, biomagnification, growth, and other factors, BAFs estimated from BSAFs will
incorporate the net effect of al these factors. The BSAF approach is particularly beneficia for
developing water quality criteriafor chemicals which are detectable in fish tissues and sediments,
but are difficult to detect or measure precisely in the water column.
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As shown by Equation 5-14 below, predicting baseline BAFs using BSAFs requires that
certain types of data be used for the chemicals of interest (for which BAFs are to be determined)
and reference chemicals (for which BAFs are measured) from a common sediment-water-
organism data set. Differences between BSAFs for different organic chemicals are good measures
of the relative bioaccumulation potentials of the chemicals. When calculated from a common
organism-sediment sample set, chemical-specific differencesin BSAFs reflect the net effect of
biomagnification, metabolism, food chain, bioenergetics, and bioavailability factors on the degree
of each chemica’s equilibrium/disequilibrium between sediment and biota. At equilibrium, BSAFs
are expected to be approximately 1.0. However, deviations from 1.0 (reflecting disequilibrium)
are common due to: conditions where water is not at equilibrium with surface sediment;
differences in organic carbon content of water and sediment; kinetic limitations for chemical
transfer between sediments and water associated with specific biota; biomagnification; or
biological processes such as growth or biotransformation. BSAFs are most useful (i.e., most
predictable from one site to another) when measured under steady-state (or near steady-state)
conditions. The use of non-steady-state BSAFs, such as found with new chemical loadings or
rapid increases in loadings, increases uncertainty in this method for the relative degree of
disequilibrium between the reference chemicals and the chemicals of interest. 1n general, the fact
that concentrations of hydrophobic chemicals in sediment are less sensitive than concentrations in
water to fluctuationsin chemical loading and distribution makes the BSAF method robust for
estimating BAFs. Results from validation of the BAF procedure in Lake Ontario, the Fox River
and Green Bay, Wisconsin, and the Hudson River, New Y ork, demonstrate good agreement
between observed and BSAF-predicted BAFsin the vast majority of comparisons made. Detailed
results of the validation studies for the BSAF procedure are provided in the Bioaccumulation
TSD.

Basdline BAF"s should be calculated using acceptable BSAFs for chemicals of interest
and appropriate sediment-to-water fugacity (disequilibrium) ratios (J ), /(K.,), for reference
chemicals under the following guidelines.

1. Baseline BAF}® Equation. For each species with an acceptable field measured (BSAF),,

abasdline BAFY for the chemical of interest may be calculated using the following
equation with an appropriate value of (Jgq) /(Ko

(Di/r) (Hsocw)r (Kow)z

(Baseline BAF["), O (BSAF), (Equation 5-14)

Ko,
where:
(Basdline BAFY), = BAF expressed on afregly dissolved and lipid-
normalized basis for chemical of interest “1”
(BSAF), = Biota-sediment accumulation factor for chemical of
interest “1”
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(J o) = sediment organic carbon to water freely dissolved
concentration ratio of reference chemical “r”

(Kowh = octanol-water partition coefficient for chemical of
interest “I”

(Ko = octanol-water partition coefficient for the reference
chemical “r”

D, = ratio between J .,/ K,,, for chemicals“1” and “r”

(normally chosen so that D,, = 1)

The technical basis, assumptions, and uncertainties associated with Equation 5-14 are provided in
the Bioaccumulation TSD. Guidance for determining each component of Equation 5-14 is
provided below.

2. Determining Field-Measured BSAFs. BSAFs should be determined by relating lipid-
normalized concentrations of chemicalsin an organism (C;) to organic carbon-normalized
concentrations of the chemicals in surface sediment samples (C,,.) using the following
eguation:

C
BSAF [ C” (Equation 5-15)

soc

a  Lipid-Normalized Concentration. The lipid-normalized concentration of a
chemical in an organism should be determined by:

C O (Equation 5-16)

[}

= JKe!

where:

C Concentration of the chemical in the wet tissue (either
whole organism or specified tissue) (Lg/Q)

fa Fraction lipid content in the tissue

b.  Organic Carbon-Normalized Concentration. The organic carbon-normalized
concentration of a chemical in sediment should be determined by:

Coe 0 == (Equation 5-17)

oc
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where:

C
f

Concentration of chemical in sediment (pg/g sediment)
Fraction organic carbon in sediment

oc

The organic carbon-normalized concentrations of the chemicals in surface sediment
samples should be associated with the average exposure environment of the
organism.

Sediment-to-Water Partition Coefficient (J,),. Sediment-to-water
partition coefficients for reference chemicals should be determined by:

C
II,,.), O ( “’;)’ (Equation 5-18)
€,
where:
(Cod)r = Concentration of areference chemical in sediment normalized to
sediment organic carbon
(Cl9), = Concentration of the reference chemical fregly dissolved in water
w /r y

Selecting Reference Chemicals. Reference chemicaswith (Jg,,) / (K,,) Similar to that
of the chemical of interest are preferred for this method. Theoretically, knowledge of the
difference between sediment-to-water fugacity ratios for two chemicals, “I1” and “r” (D),
could be used when reliable reference chemicals that meet the fugacity equivalence
condition are not available. Similarity of (J,) / (K,,) for two chemicals can be
indicated on the basis of similar physical-chemical behavior in water (persistence,
volatilization), similar mass loading histories, and similar concentration profilesin
sediment cores.

Validation studies have demonstrated that choosing reference chemicals with well
guantified concentrations in water isimportant because the uncertainty associated with
measurement of barely detected chemicalsis large (see the Bioaccumulation TSD).
Similarity between K, values of the reference and target chemicalsis generally desirable,
although recent validation studies indicate that the accuracy of the method is not
substantially decreased through use of reference chemicals with large differencesin K, ,
aslong as the chemicals are structurally similar and have similar persistence behavior in
water and sediments.

The following data, procedural, and quality assurance requirements should be met for
predicting basdine BAFs using field-measured BSAFs:
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Data on the reference chemicals and chemicals of interest should come from a
common organism-water-sediment data set at a particular site.

The chemicals of interest and reference chemicals should have similar
physicochemical properties and persistence in water and sediment.

The loadings history of the reference chemicals and chemicals of interest should be
similar such that their expected sediment-water disequilibrium ratios
(J wa/Kow) Would not be expected to be substantially different (i.e., D, ~ 1).

The use of multiple reference chemicalsis generally preferred for determining the
vaue of (Jg,,), S0 long as the concentrations are well quantified and the
aforementioned conditions for selecting reference chemicals are met. In some
cases, use of asingle reference chemical may be necessary because of limited data.

Samples of surface sediments (0-1 cm isideal) should be from locations in which
sediment is regularly deposited and is representative of average surface sediment in
the vicinity of the organism.

The K, value for the target and reference chemicals should be selected as described
in the Bioaccumulation TSD.

All other data quality and procedural guidelines described earlier for determining
field-measured BAFs in Section 5.4.3.1(A) should be met.

Further details on the requirements for predicting BAFs from BSAF measurements,
including the data, assumptions, and limitations of this approach are provided in the
Bioaccumulation TSD.

C. Baseline BAF} from a Laboratory-Measured BCF} and FCM

The third method in Procedure #1 consists of using a laboratory-measured BCF; (i.e., a
BCF based on total concentrations in tissue and water) and FCMs to predict a baseline BAF for
the chemical of concern. The BCF; is used in conjunction with an FCM because non-aqueous
routes of exposure and subsequent biomagnification is of concern for the types of chemicals
applicable to Procedure #1. A laboratory-measured BCF inherently accounts for the effects of
chemica metabolism that occurs in the organism used to calculate the BCF, but does not account
for metabolism which may occur in other organisms of the aquatic food web.

Baseline BAF}! Equation. For each acceptable laboratory-measured BCF;, calculate a
basdline BAF® using the following equation:
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Measured BCF;

Baseline BAFI,fd U (FCM) - r
d

01

a"bln—l

{

Basdine BAF® = BAF expressed on afreely dissolved and lipid-
normalized basis

) (Equation 5-19)

where:

Measured BCF; = BCF based on total concentration in tissue and
water

fy = Fraction of the tissue that is lipid

frq = Fraction of the total chemical in the test water that is
freely dissolved

FCM = The food chain multiplier either obtained from Table

5-1 by linear interpolation for the appropriate
trophic level, or from appropriate field data

The technical basis for Equation 5-19 is provided in the Bioaccumulation TSD.
Guidance for determining each component of Equation 5-19 is provided below.

Determining the Measured BCF}. The laboratory-measured BCF; shown in Equation
5-19 should be calculated using information on the total concentration of the chemical in
the tissue of the organism and the total concentration of the chemical in the laboratory
test water. The eguation to derive a measured BCF; is:

C
Measured BCF; O C—t (Equation 5-20)
where:
C = Total concentration of the chemical in the specified wet tissue
C. = Total concentration of chemical in the laboratory test water

The data used to calculate a laboratory-measured BCF; should be reviewed thoroughly
to assess the quality of the data and the overall uncertainty in the BCF value. The follow-
ing general criteria apply in determining the acceptability of laboratory-measured BCF;.

a  Thetest organism should not be diseased, unhealthy, or adversely affected by the
concentration of the chemical because these attributes may ater accumulation of
chemicals compared with healthy organisms.

b. Thetotal concentration of the chemical in the water should be measured and should
be relatively constant during the exposure period.
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The organisms should be exposed to the chemical using a flow-through or renewal
procedure.

The percent lipid of the tissue used to normalize the BCF; should be either
measured or reliably estimated to permit lipid normalization of chemical
concentrations.

The concentrations of particulate organic carbon and dissolved organic carbon in
the study water should be measured or reliably estimated.

Aquatic organisms used to calculate a laboratory-measured BCF; should be
representative of those aquatic organisms that are commonly consumed in the
United States. An aguatic organism which is not commonly consumed in the
United States can be used to cal culate an acceptable laboratory-measured BCF;
provided that the organism is considered to be a reasonable surrogate for a
commonly consumed organism. Information on the ecology, physiology, and
biology of the organism should be reviewed when assessing whether an organism is
areasonable surrogate of a commonly consumed organism.

BCFs may be based on measurement of radioactivity from radiolabeled parent
compounds only when the BCF is intended to include metabolites, when thereis
confidence that there is no interference due to metabolites of the parent
compounds, or when studies are conducted to determine the extent of metabolism,
thus allowing for a proper correction.

The calculation of the BCF; should appropriately address growth dilution, which
can be particularly important in affecting BCF; determinations for poorly depurated
chemicals.

Other aspects of the methodology used should be similar to those described by the
American Society of Testing and Materials (ASTM, 1999) and USEPA Ecological
Effects Test Guidelines (USEPA, 1996).

In addition, the magnitude of the K, and the availability of corroborating BCF data
should be considered. For example, if the steady-state method is used for the BCF;
determination, exposure periods longer than 28 days will generally be required for
highly hydrophobic chemicals to reach steady state between the water and the
organism.

If abasdine BCF derived from alaboratory-measured BCF! consistently increases
or decreases as the chemical concentration increases in the test solutions for the test
organisms, the BCF; should be selected from the test concentration(s) that would
most closely correspond to the 304(a) criterion. Note: a BCF; should not be
calculated from a control treatment.
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Selecting Food Chain Multipliers. An FCM reflects a chemical’s tendency to
biomagnify in the aguatic food web. Values of FCMs greater than 1.0 are indicative of
biomagnification and typically apply to organic chemicals with log K, values between
4.0 and 9.0. For agiven chemical, FCMstend to be greater at higher trophic levels,
although FCMs for trophic level three can be higher than those for trophic level four.

Food chain multipliers used to derive basaline BAF’s using Procedure #1 can be selected
from model-derived or field-derived estimates.

a

Model-Derived FCMs. For nonionic organic chemicals appropriate for Procedure

#1, EPA has calculated FCMs for various K, values and trophic levels using the
bioaccumulation model of Gobas (1993). The FCMs shown in

Table 5-1 were calculated using the Gobas model as the ratio of the baseline
BAFs for trophic levels 2, 3, and 4 to the baseline BCFY.

EPA recommends using the biomagnification model by Gobas (1993) to derive
FCMs for nonionic organic chemicals for severa reasons. First, the Gobas model
includes both benthic and pelagic food chains, thereby incorporating exposure of
organisms to chemicals from both the sediment and the water column. Second, the
input data needed to run the model can be readily defined. Third, the predicted
BAFs using the moddl are in agreement with field-measured BAFs for chemicals,
even those with very high log K,,s. Findly, the modd predicts chemica residuesin
benthic organisms using equilibrium partitioning theory, which is consistent with
EPA’ s equilibrium partitioning sediment guidelines (USEPA, 2000d).

The Gobas model requires input of specific data on the structure of the food chain
and the water quality characteristics of the water body of interest. For calculating
national BAFs, a mixed pelagic/benthic food web structure consisting of four
trophic levelsis assumed. Trophic level 1 is phytoplankton, trophic level 2 is
zooplankton, trophic level 3 isforage fish (e.g., sculpin and smelt), and trophic level
4 are predatory fish (e.g., salmonids). Additional assumptions are made regarding
the composition of the aquatic species diets (e.g., salmonids consume 10 percent
sculpin, 50 percent alewives, and 40 percent smelt), the physical parameters of the
aguatic species (e.g., lipid values), and the water quality characteristics (e.g., water
temperature, sediment organic carbon).

A mixed pelagic/benthic food web structure has been assumed for the purpose of
calculating FCMs because it is considered to be most representative of the types of
food webs that occur in aquatic ecosystems. FCMs derived using the mixed

pel agic/benthic structure are also about mid-range in magnitude between a 100%
pelagic and 100% benthic driven food web (see the Bioaccumulation TSD). The
validity of FCMs derived using the mixed pelagic/benthic food web structure has
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Table 5-1
Food-Chain Multipliers for Trophic Levels 2, 3 and 4
(Mixed Pelagic and Benthic Food Web Structure and J,.,, / Kow = 23)

Log Trophic  Trophic Trophic Log Trophic  Trophic Trophic
Kow Level 2 Level 3 Level 4 Kow Level 2 Level 3 Level 4
4.0 1.00 1.23 1.07 6.6 1.00 12.9 23.8
4.1 1.00 1.29 1.09 6.7 1.00 13.2 24.4
4.2 1.00 1.36 1.13 6.8 1.00 13.3 24.7
4.3 1.00 1.45 1.17 6.9 1.00 13.3 24.7
4.4 1.00 1.56 1.23 7.0 1.00 13.2 24.3
4.5 1.00 1.70 1.32 7.1 1.00 13.1 23.6
4.6 1.00 1.87 1.44 7.2 1.00 12.8 22.5
4.7 1.00 2.08 1.60 7.3 1.00 12.5 21.2
4.8 1.00 2.33 1.82 7.4 1.00 12.0 19.5
4.9 1.00 2.64 2.12 7.5 1.00 115 17.6
5.0 1.00 3.00 251 7.6 1.00 10.8 155
51 1.00 3.43 3.02 7.7 1.00 10.1 13.3
52 1.00 3.93 3.68 7.8 1.00 9.31 11.2
53 1.00 450 4.49 7.9 1.00 8.46 9.11
54 1.00 514 5.48 8.0 1.00 7.60 7.23
55 1.00 5.85 6.65 8.1 1.00 6.73 5.58
5.6 1.00 6.60 8.01 8.2 1.00 5.88 4.19
5.7 1.00 7.40 9.54 8.3 1.00 5.07 3.07
5.8 1.00 8.21 11.2 84 1.00 4.33 2.20
59 1.00 9.01 13.0 8.5 1.00 3.65 1.4
6.0 1.00 9.79 14.9 8.6 1.00 3.05 1.06
6.1 1.00 10.5 16.7 8.7 1.00 2.52 0.721
6.2 1.00 11.2 18.5 8.8 1.00 2.08 0.483
6.3 1.00 11.7 20.1 8.9 1.00 1.70 0.320
6.4 1.00 12.2 21.6 9.0 1.00 1.38 0.210

6.5 1.00 12.6 22.8

been evaluated in several different ecosystems including Lake Ontario, the tidally
influenced Bayou D’ Inde in Louisiana, the Fox River and Green Bay, Wisconsin,
and the Hudson River in New York. Additional details of the validation of EPA’s
national default FCM's and the assumptions, uncertainties, and input parameters for
the model are provided in the Bioaccumulation TSD.
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Although EPA usesthe FCMsin Table 5-1 to derive its national 304(a) criteria,
EPA recognizes that food webs of other waterbodies might differ from the
assumptions used to calculate national BAFs. In these situations, States and
authorized Tribes may wish to use aternate food web structures for calculating
FCMsfor usein setting State or Tribal water quality criteria. Additiona guidance
on the use of alternate food web structures for calculating State, Tribal, or site-
specific criteriais provided in the Bioaccumulation TSD.

Field-Derived FCMs. In addition to model-derived estimates of FCMs, field data
may aso be used to derive FCMs. Currently, the use of field-derived FCMsisthe
only method recommended for estimating FCMs for inorganic and organometalic
chemicals because appropriate model-derived estimates are not yet available (see
Section 5.6). In contrast to the model-based FCM s described previoudly, field-
derived FCMss account for any metabolism of the chemical of concern by the
aguatic organisms used to calculate the FCM.

Field-derived FCM s should be calculated using lipid-normalized concentrations of
the nonionic organic chemical in appropriate predator and prey species using the
following equations.

FCM 1, = BMFy, (Equation 5-21)

FCM ;.5 = (BMFy.5) (BMF ;,,) (Equation 5-22)

FCM 1., = (BMF ;.,) (BMF ;.5 (BMF 1.,) (Equation 5-23)
where:

FCM =  Food chain multiplier for designated trophic level (TL2, TL3, or
TL4)

BMF = Biomagnification factor for designated trophic level (TL2, TL3,
or TL4)

The basic difference between FCMs and BMFsis that FCMs relate back to troph